Roxadustat is an oral hypoxia-inducible factor prolyl hydroxylase inhibitor developed to treat anemia in chronic kidney disease (CKD) patients. This Phase 3, randomized, open-label, 24-week study investigated the efficacy and safety of roxadustat in Japanese CKD patients with anemia on peritoneal dialysis (PD) who were previously treated or not treated with erythropoiesis stimulating agents (ESAs). Patients not previously receiving ESA (ESA-Naïve group) were randomized to roxadustat at a starting dose of 50 or 70 mg three times weekly; patients previously receiving ESA (ESA-Converted group) switched from ESA to roxadustat 70 or 100 mg three times weekly depending on the prior ESA dose. Outcomes included maintenance rate of average hemoglobin (Hb) level within 10-12 g/dL at weeks 18-24, cumulative response rate at end of treatment (Hb thresholds, 10.0 g/dL or 10.5 g/dL;
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Anemia is a common complication in patients with chronic kidney disease (CKD) and has been associated with increased risk of cardiovascular events, hospitalization, and mortality. (1) Anemia in CKD is associated with dysregulation of oxygen sensing by the malfunctioning kidneys, leading to inadequate synthesis of erythropoietin, functional iron deficiency, reduced erythrocyte survival, and inflammation. (2) The prevalence of anemia increases as CKD progresses and, in the United States, varies from 8.4% at stage 1 to 53.4% at stage 5 CKD. (3) Peritoneal dialysis (PD) is an effective modality for renal replacement therapy for patients with end-stage renal disease (ESRD) that has the advantage of being able to be carried out at home, allowing patients to have greater control over the dialysis process, be more independent, and have a higher quality of life. (4,5) It has also become evident that the clinical outcomes associated with PD are comparable, or in some cases, better than those associated with hemodialysis. (6) Current treatment to correct anemia in dialyzed patients includes recombinant human erythropoietin and its analogs, as well as iron supplementation. (7, 8) Although erythropoiesis stimulating agents (ESAs) can significantly improve hemoglobin (Hb) levels and quality of life for CKD patients, their use has been associated with increased safety risks, particularly in patients with cancer, diabetes, and cardiovascular disease. (9) Moreover, despite the advantage of PD as a home therapy, PD patients may still require dialysis center visits to receive ESA injections. These observations indicate that there is an unmet need for new therapeutic agents for the management of anemia in CKD, particularly in PD patients.
A new class of oral agents for the treatment of anemia in patients with CKD functions by inhibiting the activity of the hypoxia-inducible factor prolyl hydroxylase enzymes. The transient inhibition of these enzymes mimics the body's natural response to hypoxia, activating erythropoiesis and altering iron transport, both of which increase Hb levels. (1) Roxadustat (ASP1517, FG-4592, AZD9941) is an oral hypoxia-inducible factor prolyl hydroxylase inhibitor that was approved in December 2018 in China for treatment of dialysis-dependent CKD anemia and is currently in late-stage clinical development in Japan, the United States, and Europe. Roxadustat has been shown to be well tolerated and effective in phase 2 studies of patients with dialysisdependent (10-12) and nondialysis-dependent (11, 13, 14) CKD. Most recently, a 6-month phase 3 study of roxadustat in China reported noninferiority of roxadustat to epoetin alfa in correcting and maintaining Hb levels in patients with CKD on hemodialysis. Furthermore, roxadustat significantly reduced hepcidin, a hormone that regulates iron homeostasis, and increased serum iron without the need for intravenous (IV) iron supplementation (manuscript submitted).
The objective of this phase 3 Japanese study was to investigate the efficacy and safety of roxadustat for the treatment of anemia exclusively in CKD patients on PD who had or had not previously received ESA treatment.
PATIENTS AND METHODS

Study design
This phase 3, multicenter, randomized, openlabel, noncomparative study (1517-CL-0302; ClinicalTrials.gov Identifier: NCT02780726) was conducted from 22 June 2016 to 2 August 2017 at 15 sites in Japan. Following eligibility assessments and screening, patients were enrolled into one of two cohorts based on previous treatment with ESA. Patients who were not previously receiving ESA (ESA-Naïve group) were randomized (1:1) to receive oral roxadustat at a starting dose of 50 or 70 mg. Patients who were previously receiving ESA (ESA-Converted group) were switched from ESA to oral roxadustat at a starting dose of 70 or 100 mg, depending upon the ESA dose prior to registration (Table S1, Supporting Information). Roxadustat was administered three times weekly for 24 weeks.
Study population
This study enrolled patients aged ≥20 years with ESRD who were receiving or scheduled to receive PD. Patients were not permitted to initiate hemodialysis during the study; however, daily PD solution glucose concentrations, total daily volume of PD, number and duration of exchanges, and type of PD fluid could be modified. Major inclusion criteria for patients in the ESA-Naïve group were: (i) must not have received ESA treatment within 6 weeks before prescreening; (ii) Hb level < 10.5 g/dL (mean of two most recent Hb measurements taken at least a week apart before registration during the screening period with the absolute difference between the two measurements of ≤1.3 g/dL); and (iii) transferrin saturation (TSAT) ≥5% or serum ferritin ≥30 ng/mL during the screening period. Major inclusion criteria for patients in the ESA-Converted group included: (i) must have received treatment with ESA at a dose approved in Japan for ≥8 weeks before prescreening and after the start of PD; (ii) Hb level ≥ 10 g/dL and ≤ 12 g/dL (mean of two most recent Hb measurements taken at least a week apart just before registration during the screening period); and (iii) TSAT ≥ 20% or serum ferritin ≥ 100 ng/mL during the screening period.
Study drug administration
Roxadustat was administered as 20-, 50-, and 100-mg tablets, and the starting dose and regimen were chosen based on findings from previous studies (data on file). Patients in the ESA-Naïve group were randomized to oral roxadustat at a starting dose of 50 or 70 mg by a dynamic allocation method using a biased-coin minimization approach with study site and body weight as assignment factors. Allocation of the investigational product and management of the patients were conducted by EPS Corporation (Tokyo, Japan). For patients in the ESA-Converted group, a dose conversion between the average dose of ESA before enrollment and roxadustat was used for the starting dose (Table S1 ). Roxadustat dose adjustments were considered during even numbered weeks starting at week 4 and were made as needed according to the dose adjustment rule, which considered current Hb level and change in Hb level over the previous 4 weeks (Table S2) , to maintain Hb levels within 10.0-12.0 g/dL. Any dose adjustment had to be maintained for ≥4 weeks before further adjustment and the maximum dose for any patient was to not exceed 3 mg/kg. Any concomitant phosphate binders were to be dosed at least 1 h before or after roxadustat. Administration of IV iron products was permitted at the discretion of the investigator only in cases of low TSAT (<5% for ESA-Naïve; <20% for ESA-Converted) or low serum ferritin (<30 ng/mL for ESA-Naïve; <100 ng/mL for ESA-Converted). There were no restrictions in the administration of concomitant oral iron products.
Study outcomes and assessments
Efficacy outcomes included the maintenance rate of a target Hb level (proportion of patients who achieved an average Hb level of 10.0-12.0 g/dL between weeks 18 and 24); cumulative response rates for the threshold Hb levels of 10.0 g/dL or 10.5 g/dL (calculated as the proportions of patients who achieved Hb ≥10.0 g/dL or Hb ≥10.5 g/dL and an increase in Hb from baseline to the end of treatment of ≥1.0 g/dL; ESA-Naïve group only); average Hb levels between weeks 18 and 24; change in average Hb levels from baseline to weeks 18-24; rate of rise in Hb levels (g/dL/week) from week 0 to the earliest date of week 4, discontinuation, or dose adjustment; proportion of patients who achieved (and time to achievement) the lower limit of the target Hb level (i.e. 10.0 g/dL) (ESA-Naïve group only); and serum iron, ferritin, transferrin, TSAT, and reticulocyte Hb content. An exploratory outcome was the change in mean serum hepcidin levels throughout the study. Safety was assessed by monitoring treatment-emergent adverse events (TEAEs), vital signs (i.e. blood pressure and pulse rate), 12-lead electrocardiogram (ECG), and laboratory tests.
Hemoglobin levels were measured every 2 weeks and the average Hb levels between weeks 18 and 24 were calculated for efficacy assessments. Serum iron, ferritin, transferrin, TSAT, and reticulocyte Hb content were assessed at prescreening, every 2 weeks from week 0 to week 4, and every 4 weeks from week 4 to week 24. Serum hepcidin was measured at weeks 0, 4, 12, and 24 using a liquid chromatography-tandem mass spectrometry method. A schedule of the assessments is shown in Table S3 .
Statistical methods
A sample size of 50 patients was determined, considering the feasibility of the study, with the intention to yield sufficient exposure for regulatory purposes; no formal sample size or statistical power calculations were performed. The analysis of efficacy endpoints was performed on the full analysis set (FAS), which comprised patients who received at least one dose of roxadustat and for whom there were available data for at least one efficacy measurement after the start of the study treatment. The analysis of safety was conducted on the safety analysis set (SAF), which comprised patients who received at least one dose of roxadustat. Because the starting dose of roxadustat in the ESA-Converted group was not randomized, but determined based on previous ESA dose, pooled data are reported for the ESA-Converted group (all ESA-Converted). Data are presented using summary statistics, and no inferential statistical analyses were conducted. No comparison between treatment groups was conducted.
RESULTS
Patient disposition
Of 69 PD patients screened, 13 discontinued due to screening failure (considered ineligible by the investigator [n = 5], did not meet Hb inclusion criteria [n = 4], others [n = 3], withdrawal by patient [n = 1]), 56 were randomized (ESA-Naïve, n = 13) or registered (ESA-Converted, n = 43), and 49 completed the study. All 56 patients were included in the SAF and FAS. In the ESA-Naïve group, six patients were randomized to roxadustat 50 mg and seven were randomized to roxadustat 70 mg; all patients completed the study. In the ESA-Converted group, 23 patients were registered to roxadustat 70 mg and 20 patients were registered to roxadustat 100 mg; seven patients discontinued the study (Fig. 1 Reasons for discontinuation in the ESA-Converted group were TEAEs (n = 4), withdrawal of consent (n = 2), and need to start hemodialysis (n = 1). Mean (SD) baseline Hb levels were 9.35 g/dL (0.75) and 10.85 g/dL (0.54) in the ESA-Naïve and ESA-Converted groups, respectively. Patients' demographics and prior and concomitant iron use are reported in Tables 1 and 2 
Roxadustat exposure and compliance
The overall roxadustat compliance was ≥95% in all treatment groups. In the ESA-Naïve group, the mean (SD) dose of roxadustat at week 22 was 45.8 (22.7) mg (roxadustat 50 mg, 38.3 [14.7] mg; roxadustat 70 mg, 53.3 [28.0] mg). In the ESA-Converted group, the mean (SD) dose of roxadustat at week 22 was 71.1 (36.0) mg. The mean number of times that the study drug dose was changed during the 24-week treatment period ranged from 2.6 to 3.2 per patient across all study groups.
Efficacy outcomes
In the ESA-Naïve group, mean Hb levels increased until week 8 and then remained stable within the target level through the end of the treatment; in the ESA-Converted group, a slight increase was followed by stabilization within the target range (Fig. 2) .
The maintenance rate of target Hb levels (proportion of patients who achieved an average Hb level of 10.0-12.0 g/dL between weeks 18 and 24) was 92.3% (95% CI: 64.0-99.8) in the ESA-Naïve group and 74.4% (95% CI: 58.8─86.5) in the ESA-Converted group. Of note, six patients in the ESA-Converted group did not have a measurable Hb level during weeks 18-24, and therefore were not considered to have maintained the target Hb level. Among those patients who had at least one Hb measurement between weeks 18 and 24, the proportion who achieved an average Hb level within the target of 10.0-12.0 g/dL was 92.3% (95% CI: 64.0-99.8) in the ESA-Naïve group and 86.5% (95% CI: 71.2-95.5) in the ESA-Converted group ( Table 3) .
The cumulative response rate at both thresholds (i.e. Hb level ≥ 10.0 g/dL and ≥ 10.5 g/dL) was 100.0% in all patients in the ESA-Naïve group. The average Hb levels between weeks 18 and 24 were 11.05 g/dL (95% CI: 10.67, 11.42) in the ESA-Naïve group and 10.93 g/dL (95% CI: 10.73, 11.13) in the ESA-Converted group. The mean change in average Hb levels from baseline to weeks 18-24 was 1.69 g/dL (95% CI: 1.06, 2.33) in the ESA-Naïve group, and 0.14 g/dL (95% CI: −0.12, 0.39) in the ESA-Converted group ( Table 4 ).
The mean (SD) rate of rise in Hb levels in the ESA-Naïve group was 0.388 (0.368) g/dL/week (roxadustat 50 mg, 0.193 [0.203] g/dL/week; roxadustat 70 mg, 0.556 [0.408] g/dL/week). In the ESA-Converted group, the rate of rise was 0.205 (0.268) g/dL/week (roxadustat 70 mg, 0.136 [0.217] g/dL/week; .0%) achieved the lower limit of the target Hb level (10.0 g/dL); all patients achieved this target limit at least once by week 12.
Only one patient in the ESA-Converted group received IV iron during the study. One (ESA-Naïve) and six (ESA-Converted) patients continued the prior use of oral iron during the study. The levels of iron, ferritin, TSAT, and reticulocyte Hb content remained clinically stable throughout the study. The mean transferrin levels increased through week 4 in all treatment groups and then remained stable until the end of treatment (Table 5 and Fig. S1 ). Mean serum hepcidin levels decreased through the end of treatment in all groups; the most pronounced decrease occurred at week 4 of treatment ( Table 5 and Fig. S2 ).
Safety findings
Treatment-emergent adverse events were reported in 10 (76.9%) patients in the ESA-Naïve group and in 39 (90.7%) patients in the ESA-Converted group (Table 6 ). Serious TEAEs were reported in three (23.1%) patients in the ESA-Naïve group and five (11.6%) patients in the ESA-Converted group. The most common serious TEAE was peritonitis, reported in two of 56 (3.6%) patients overall. Both cases of peritonitis were mild/moderate in severity and were resolved with antibiotic treatment. Both cases were considered by the investigator to be not related to roxadustat and neither resulted in discontinuation of roxadustat. Treatment-emergent adverse events leading to withdrawal of treatment were reported in four (9.3%) patients in the ESA-Converted group. One patient treated with a starting dose of 70 mg roxadustat was receiving concomitant pravastatin and experienced increased alanine aminotransferase, increased aspartate aminotransferase, and numbness in the forearms associated with increased lactate dehydrogenase and creatine kinase levels, which led to a diagnosis of rhabdomyolysis. The investigators believed that an interaction between pravastatin and roxadustat could have caused an increase in the blood level of pravastatin leading to rhabdomyolysis in this patient. However, since 27 † Data are presented as n (%) unless otherwise noted. ‡ Assessed by the investigator based on a patient report and/or a medical record. § Defined as the mean of three Hb values: two latest Hb values prior to registration and one Hb value at week 0 (when the Hb value at week 0 was the same value and on the same date as the latest Hb value prior to registration, baseline Hb was defined as the mean of the two latest Hb values prior to registration). BMI, body mass index; CKD, chronic kidney disease; ESA, erythropoiesis stimulating agent; Hb, hemoglobin; hsCRP, high sensitivity C-reactive protein; SD, standard deviation; TSAT, transferrin saturation. the patient continued to have high levels of creatine kinase and myoglobin after pravastatin was discontinued, treatment with roxadustat was discontinued even though a direct relationship between roxadustat and rhabdomyolysis was not established. This event was considered serious and the patient recovered from all events. The other TEAEs leading to withdrawal of treatment were palpitations and muscular weakness (n = 1), pruritus (n = 1), and dyspepsia (n = 1). The most commonly reported TEAEs were nasopharyngitis (25.0%), back pain (8.9%), catheter site infection (7.1%), diarrhea (7.1%), and vomiting (7.1%) ( 
DISCUSSION
Overall, the results of this study of 56 Japanese patients with PD-dependent CKD are the first to indicate that self-administration of oral roxadustat three times a week in ESRD patients who are on PD is feasible and associated with an acceptable safety profile. Target Hb levels (10.0-12.0 g/dL) were maintained in patients who were either not previously treated with ESA or who switched from ESA to roxadustat. The maintenance rate of a target Hb level (proportion of patients who achieved an average Hb level of 10.0─12.0 g/dL between weeks 18 and 24) among patients who had at least one Hb measurement between weeks 18 and 24 was 92.3% (12/13) and 86.5% (32/37) in the ESA-Naïve and ESA-Converted groups, respectively, and all patients in the ESA-Naïve group achieved Hb ≥ 10.5 g/dL and an increase in Hb of ≥1.0 g/dL from baseline to the end of treatment. In the ESA-Naïve group, the mean Hb levels increased during the first 8 weeks and then reached a plateau until the end of treatment, whereas, in the ESA-Converted group, a stimulating agent treatment to roxadustat. Since this study provides valuable information regarding roxadustat treatment in patients with PD, it warrants further investigation in larger populations of patients to investigate whether treatment with roxadustat in PD patients is an effective strategy for increasing Hb levels with an acceptable safety profile.
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